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Abstract: Snake venoms are rich sources of active proteins that have been employed in the diagnosis and
treatment of health disorders and antivenom therapy. Developing countries demand fast economical
downstream processes for the purification of this biomolecule type without requiring sophisticated
equipment. We developed an alternative, simple and easy to scale-up method, able to purify simultaneously
protease and phospholipase A, toxins from Bothrops alternatus venom. It comprises a multiple-step
partition procedure with polyethylene-glycol/phosphate aqueous two-phase systems followed by a gel
filtration chromatographic step. Two single bands in SDS-polyacrylamide gel electrophoresis and increased

proteolytic and phospholipase A, specific activities evidence the homogeneity of the isolated proteins.
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INTRODUCTION

Snake venoms are rich sources of bioactive
polypeptides and proteins. Some of these
components that exhibit enzymatic activities
include  proteinases,  phospholipases A,
nucleotidases, phosphodiesterases and L-amino
acid oxidases. Other snake venom proteins
and polypeptides do not exhibit any enzymatic
activity and are described as “non-enzymatic
proteins” (1-3).

Studies on snake venoms have vyielded
extensive important information on biological
systems and insights into medical problems
(4). Currently, interest has grown due to the
pharmacological potential of venom components
as antibiotics, antitumor agents, hemostasis
disorder treatments, as well as analytical reagents
(5-11).

As one would expect, numerous methods
have been developed in order to both isolate
and characterize the different toxins. But a
single method, even one with a high resolving
power, usually does not yield a pure protein.
Conventional isolation of venom toxins involves
a complex sequence of chromatographic steps.
Thus, gel filtration, ion-exchange and reversed-
phase high-pressure liquid chromatography
(RP-HPLC) are widely used to purify individual
venom proteins (1, 12-14). This methodology
is expensive, requires technologically advanced
equipment - columns, pumps and matrix — and
demands long periods of time.

In recent years, partitioning in aqueous two-
phase systems (ATPSs) has been shown to provide
a powerful method for the starting steps of the
macromolecule downstream process (15, 16).
This is due to several advantages with regard to
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the traditional techniques such as its ease scaling-
up, low-material cost, rapid phase disengagement
and low interfacial tension, the latter of which
minimizes the biomolecular degradation (17).
Besides, no sophisticated equipment is needed.
ATPSs are comprised of aqueous solutions
either of two water-soluble polymers, usually
polyethylene glycol (PEG) and dextran, or of a
polymer and a salt, usually PEG and phosphate or
sulfate (18). At present, no model that allows the a
priori calculation of protein partitioning in ATPS
has been developed, therefore, the application of
this technique requires the utilization of previous
experimental work. ATPSs have been successfully
used to purify different biomolecules and
organelles, for example, plasmid DNA, alpha-1-
antitrypsin from human plasma, polysaccharide-
coated liposomes and other products (19-22).
However, there is no report documenting an
isolation of toxins from venoms by partitioning
in aqueous biphasic systems.

Bothrops alternatus, a pit viper widespread
in South America countries, is responsible for
a predominance of deadly snakebite cases. The
goal of the present work was to develop an easily
accessible methodology, based on partitioning
in PEG/phosphate ATPSs, able to purify
simultaneously protease and phospholipase
A, toxins. This will contribute both to
obtaining proteins for biotechnological and/or
pharmacological studies and to facilitating the
production of more specific antivenoms suitable
for antivenom therapy.

MATERIALS AND METHODS

Chemicals

Pooled venom was obtained from several
adult specimens of Bothrops alternatus captured
in northeastern Argentina, and then maintained
at the serpentarium of the local zoo in Corrientes,
Argentina. Crude venom was lyophilized; after
that, it was kept frozen at -20°C. When required,
the venom was diluted with phosphate buffered
saline solution (PBS), pH 7.2. The small amount
of insoluble material was centrifuged and the clear
supernatant was applied for studies. Sephadex
G-75 superfine, polyethyleneglycol of molecular
weight 3,350 (PEG3350) (used without further
purification) and Coomasie brillant blue (G)
were purchased from Sigma Chem Co. (USA).
The other reagents were of analytical grade.

Total Protein Concentration Determination
The protein concentration in both phases of
the systems was determined according to the
Bradford (23) method with a sample of pooled
freeze-dried venom as the standard. Blank
systems without protein were used as reference
and no interference from phase components
was observed. Absorbance measurements
were carried out on a Boeco S-22 UV/visible
Spectrophotometer (Germany).

Enzyme Assays

Proteolytic activity was evaluated using
casein from bovine milk as substrate, according
to Friedrich and Tu (24) with the Lomonte and
Gutiérrez (25) modification. One milliliter of
enzyme solution, ranging from 0.014 to 1.800
mg/mL, was incubated with 2.0 mL of a 1% casein
solution for 30 minutes at 37°C. Then, 4.0 mL of 5
% trichloroacetic acid was added and the sample
was left at room temperature for 30 minutes.
The tubes were centrifuged and the absorbance
of the clear supernatant was determined by
spectrophotometric measurement at 280 nm.
Control solution was applied, in which the
enzyme solution was omitted. The caseinolytic
activity, expressed as units/mg, is defined as the
percentual change in absorbance yielded by 1 mg
of enzyme incubated with casein at 37°C for 30
minutes.

An  alternative  colorimetric  method,
described by Wang and Huang (26) with minor
modifications, was also used to test proteolytic
activity in phases and in fractions eluted from the
chromatography column due to its lower sample
volume requirement. The reaction mixture,
consisting of 255 pL of azocasein (5 mg/mL) in
phosphate buffer saline (pH 7.2) and 45 uL of
the phase for testing, was incubated at 37°C for
90 minutes. The reaction was stopped by the
addition of 600 uL of 5% trichloroacetic acid,
and the mixture was maintained for 30 minutes
at room temperature. After centrifugation at 3000
rpm for 5 minutes, 400 uL of the supernatant was
mixed with an equal volume of 0.5 M NaOH
and absorbance was determined at 450 nm.
Proteolytic activity was expressed as the change in
absorbance at 450 nm/90 minutes of incubation
(A,;,/90 min).

Phospholipase A, activity was evidenced by
the formation of hemolytic halos in agarose-
erythrocyte egg yolk gels caused by enzymatic
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hydrolysis of lecithins to lysolecithins, with the
latter being able to lyse red blood cell membranes.
This indirect hemolytic activity was assayed as
described by Gutiérrez et al. (27). Three hundred
microliters of packed sheep erythrocytes was
washed four times with saline solution; 300 uL of
1:3 egg yolk solution in saline solution and 250
uL of 0.01 M CaCl, solution were added to 25
mL of 1% (w/v) of agar (at 50°C) and dissolved
in PBS pH 7.2. The mixture was applied to plastic
plates (135 x 80 mm) and allowed to gel. Then, 3
mm-diameter wells were filled with 15 pL of the
phase for testing. After 20 hours of incubation at
37°C, the diameters of the hemolytic halos were
measured. In order to determine the minimum
indirect hemolytic dose (MiHD) of isolated
enzyme, 15 pL of solutions containing different
amounts of isolated phospholipase A, (from 0.031
to 2.00 mg/mL) was applied into the wells. After
18 hours of incubation at 37°C, the hemolytic
halo diameters were measured and the dose-
response curves were plotted. The minimum
indirect hemolytic dose (MiHD) is defined as the
amount of enzyme that induces a hemolytic halo
of 15 mm in diameter. PBS was used as a control.

Preparation of the Aqueous Two-Phase
System

Stock solution of potassium phosphate (Pi),
pH 7.0 (30% w/w), solid PEG 3350 and water were
mixed in order to prepare phase systems. The
final composition of the system was 12.3 - 13.7 -
74% w/w of Pi, PEG and water, respectively. After
a gentle mixing, low-speed centrifugation was
used in order to speed up phase separation of the
system components; and then 5 mL of each phase
was mixed to reconstitute the two-phase system
in which the partitioning of venom proteins was
assayed.

The system composition used in this work
was chosen according to the binodial diagrams
from the literature (16). The biphasic system
composition was chosen with a low PEG
concentration sufficient to produce an adequate
phase separation at the assayed temperature.

Multiple-Step Partition Procedure

The partitioning of venom proteins was
analyzed by dissolving 500 uL of venom solution
(50 mg/mL) in the two-phase preformed system
containing 5 mL of each equilibrated phase, with
the change of the total volume of each phase being

negligible. After mixing by gentle inversion for
10 minutes and leaving it to settle for at least 60
minutes, the system was centrifuged at low speed
for the two-phase separation. Visual estimates
of the top/bottom volumes were carried out
in graduated centrifuge tubes, with no volume
change being observed during the partitioning. A
second extraction step was carried out as follows.
The main portion (5 mL) of bottom phase - from
the first — was transferred into a tube containing
5 mL of a pure top phase (from a previously
prepared phase system obtained under identical
conditions but without venom solution), mixed
gently and left to reach the phase equilibrium
again. The third and fourth extraction steps were
carried out under similar conditions but using 4.5
and 4 mL of bottom phase and equal volume of
pure top phase. The temperature was maintained
constant at 25°C and controlled to within *
0.1°C by immersing the tubes in a thermostatic
bath. Total protein concentration, proteolytic
and phospholipase A, activity in each phase were
determined in order to evaluate the ATP system
performance in venom protein purification. All
the measurements were carried out in triplicate.
Protein purity in starting, intermediate and final
samples was analyzed by SDS-polyacrylamide gel
electrophoresis.

Gel Filtration Chromatography

Three milliliters of bottom phase (Pi-enriched)
was filtered using Amicon Ultra-10 membrane
(Millipore, Bedford, MA). Two hundred and fifty
microliters of this concentrated bottom phase
was loaded onto Sephadex G-75 column (1 cm
x 95 cm) equilibrated with PBS bufter, pH 7.2.
Proteins were eluted with the same buffer. The
flow rate was 7.5 mL/h while fractions of 0.75
mL were collected for absorbance at 280 nm
and enzymatic measurements (proteolytic and
phospholipase A, activities).

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

In order both to analyze the protein partition
in the ATPS and to evaluate the purity of enzymes
assayed, electrophoresis was performed on 12%
polyacrylamide slab gels following the method
of Laemmli (28). Protein concentration of the
samples was close to 1 mg/mL. Gels were either
stained with Coomassie brilliant blue R-250 or
with silver nitrate (29). Standards molecular mass
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markers were run in parallel to determine the
molecular mass of the enzymes isolated.

RESULTS AND DISCUSSION

Aqueous Two-Phase Partitioning

Figure 1 shows the partitioning pattern
produced by proteins from B. alternatus venom
with protease activity corresponding to the overall
extraction process. It is clear that proteolytic
activity was retained mainly in the phosphate-
enriched phase in all the extractions steps, thus
indicatingan uneven protein distribution between
phases. The partition coeflicient was observed to
change at each step. At starting extraction steps it
decreased markedly (from 0.56 to 0.40) and then,
it decreased slightly (from 0.32 to 0.27).

On the other hand, venom proteins with
phospholipase A, activity exhibited an even

distribution among phases (similar hemolytic
halo diameters) at the first extraction step;
however, in the subsequent stages its partitioning
equilibrium was displaced to the bottom phase.
No significant changes were observed between
the hemolytic halo diameters corresponding
to the 3 and 4™ extractions, thus suggesting
only slight differences between the partition
coeflicients corresponding to these steps.
Partition coefficients were not calculated in this
case since the diameter of the hemolytic halo
increased with phospholipase A, activity in a
non-proportional manner.

Fluctuations observed in  partitioning
coefficients may be attributed to the heterogeneity
of venom protein fractions. Based on literature
findings, we are able to assume that B. alternatus
venom exhibits a variety of phospholipase A, and
protease enzymes in its composition (30-38). At

1=t T1 24 0.101 1.67

FPartition B 23 0.18 3.38
(0.56)

Znd T2 159 0.052 0.67

FPartition B2 22 0152 27
(0. 40)

Srd T3 15 0.048 0.44

Fartition B3 21 0.148 22T
(0.32)

A4th T4 15 0.048 0.28

FPartition B4 20 B:134 1.98

0 27]

Figure 1. Four partition experiments were applied on Bothrops alternatus venom. The numbers on the left,
medium and right of each phase indicate phospholipase A, (expressed in mm of hemolytic diameter),
proteolytic activities according to the method of Wang and Huang (26) and the total protein concentrations
(mg/mL), respectively. The numbers between parentheses are the protease partition coefficients, estimated
as the ratio between protease activity in the top and bottom phases.
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initial extraction steps all protein fractions are
present in the system and each enzyme isoform
is distributed between the phases, according to its
structural properties. As the extraction process
progresses (last stages) an aqueous two-phase
selectivity is evidenced. The remaining bottom
phase presents the depletion of both proteins
that were partitioned in the top phase and the
enrichment of those proteins that preferred the
bottom phase in the former steps. Under these
experimental conditions partition coefficients
behave as true thermodynamic constants and
converge to singular values that only depend on
temperature. Besides, this convergence suggests
that more homogeneous enzymes are being
partitioned in the later steps, a fact that is relevant
for both biochemical studies and improvement of
anti-venom specificity.

The SDS-PAGE (Figure 2), carried out under
non-reducing conditions, shows B. alternatus
venom proteins and their distribution between
phases as measured by the PEG3350/Pi system,
after each partitioning step. The whole venom
shows three peak bands, a wide band that
comprises proteins of molecular mass 50-60 kDa
compatible with proteinases (59 kDa) and two
closely placed bands of intermediate molecular
mass (25 and 28 kDa respectivey) assignable to
phospholipases A, and serine proteases (30, 31).

After four extraction steps the bottom phase
(B,) remained was expected to contain mainly
proteinases (according to data shown in Figure
1), and was analyzed by SDS-PAGE. Only two
bands corresponding to high (~59 kDa) and
low (25 kDa) molecular mass proteins were
observed in a bottom phase (Figure 2, line 2).
Those with molecular masses close to 28 kDa are
partitioned into top phase (Figure 2 and Figure
3.) being compatible with serine proteases. Under
reducing conditions (Figure 3, line 2) the 25 kDa
band is absent and replaced by a single band at
14 kDa. Similar features were reported for an
acidic phospholipase A, previously isolated in
our laboratory by traditional chromatographic
methods, thus suggesting that this enzyme is
present in venom as a homo-dimer (30).

Phospholipase A, and Protease Separation
According to the previous results, the
bottom phase obtained after four partitioning
steps contains only two main protein fractions
with molecular weights that differ significantly

14.4

Figure 2. Comparison of the whole venom and
phases from partitioning experiment, under non-
reducing conditions by SDS-PAGE. Lane 1: venom.
Lane 2: B,. Lanes 4, 5,6 and 7: T, T, T, and T,
respectively. Lane 3: Molecular weight markers
(GE) phosphorylase b (97 kDa), albumin (66 kDa),
ovalbumin (45 kDa), carbonic anhydrase (30 kDa),
tripsyn inhibitor (20.1 kDa), and a-lactalbumin (14.4
kDa). The arrow indicates a band of 25 kDa.

from each other. Therefore, either gel filtration
chromatography or another size-based separation
technique appears to provide an easy alternative
for separating the proteins for further studies
or uses. As expected, fractionation by Sephadex
G-75 presented two protein peaks, the first
showing proteolytic activity and the second
(II), phospholipase A2 activity (Figure 4). The
homogeneity of these isolated proteins was
demonstrated by SDS-PAGE (Figures 5 and 6)
showing a single band under reducing conditions
for each protein.

The overall performance of the proposed
methodisshowninTable 1. Recoveriesvaluesclose
to 5% for both phospholipase A, and proteinase
proteins are comparable to those obtained by
traditional purification methods. Besides, values
of both specific proteolytic activity (20.0 U/mg)
and MiHD (6.00 pg), determined on starting
venom, agree with those previously obtained in
our laboratory (30, 39). A slight increase in the
proteolytic specific activity is observed in the
final product with regard to the whole venom. A
rough analysis of these results leads inevitably to
wrong conclusions. According to the Venomics
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Figure 3. SDS-PAGE comparison of the whole venom and phases from partitioning experiment, under

reducing conditions: Lane 1: venom. Lane 2: B,. Lines 4, 5,6 and 7: T, T

T, T, and T, respectively. Lane 3:

Molecular weight markers (Sigma) bovine albumin (66 kDa), egg albumin (45 kDa), glyceraldehyde-3-
phosphate dehydrogenase (36 kDa), carbonic anhydrase (29 kDa), trypsinogen (24 kDa), trypsin inhibitor
(20 kDa), and o-lactalbumin (14.20 kDa). The arrow indicates a band of 14 kDa.

analysis of Bothrops alternatus reported by Ohler
et al. (32), phospholipases represent the 7.8% of
the total venom components while proteinases
represent the 43.1%. Consequently, ATPS
extraction combined with gel filtration shows,
a priori, a poor performance since only small
fractions of starting phospholipase A, (5.7%) and
proteinase proteins (4.8%) are recovered in the
final product. However, taking into account the
heterogeneity of venom toxins, our results might
be due to the elimination of enzyme isoforms with
different activity during the purification process.
The drastic decrease observed in the minimum
indirect hemolytic dose (MiHD) to estimate
phospholipase A, activity must be interpreted
in a similar manner. A further biochemical and
physiological characterization of these proteins is
required to clarify this point

In summary, a simple method, based on
PEG/Pi aqueous two-phase systems capable of
obtaining both protease and phospholipase A,
toxins from B. alternatus venom, was proposed.
The technique of four sequential extractions

enables the elimination of several venom
components and yields a bottom phase that
contains mainly phospholipase A, and protease
toxins. This mixture exhibits values of specific
proteolytic activity and MiHD sufficient for use as
a sensitizing agent for antiserum manufacturing.
This will contribute to the obtainment of more
specific anti-sera and therefore the avoidance of
adverse effects (40). The presence of a low PEG
concentration (close to 3 % w/w) in the bottom
phase does not represent a disadvantage since this
polymer possesses a low immunogenic capability
(41).

Additionally, the phospholipase A, and
protease present in the bottom extract can be
separated from each other by incorporating a gel
filtration chromatography procedure. In this case,
our overall results show purification degrees and
recoveries comparable to those reported in the
literature. However, in contrast to conventional
methods, our process does not require either
initial centrifugation or ionic exchange/reverse
phase chromatographic steps (42-44). This both
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Figure 4. Gel filtration chromatography of the ATPS bottom phase on Sephadex G-75. Absorbance at 280nm

(®). Proteolytic activity (-—-) according to the method of Wang and Huang (26). Fractions that exhibited
Phospholipase A2 activity (<>).
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Figure 5. SDS-PAGE of fractions from peak | (Figure 4) obtained in the gel filtration chromatography of the

ATPS bottom phase on Sephadex G-75. Numbers at the top of the line indicate the fraction eluted from the
chromatographic column.
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20.0

14.2

Figure 6. SDS-PAGE of fractions from peak Il (Figure 4) obtained in the gel filtration chromatography of the
ATPS bottom phase on Sephadex G-75. Numbers at the top of the line indicate the fraction eluted from the
chromatographic column.

Table 1. Purification of proteinase and phospholipase A, from Bothrops alternatus venom by a combination
of ATPS and gel filtration chromatography

Venom 25.0 100.0 20.0 6.00
B1¢ 16.9 67.7
B2 13.6 54.2
B3¢ 114 454
B4 9.9 39.5
SG-751 14 5.7 27.0
SG-751 1.2 4.8 0.98

aDetermined according to Bradford method described in Material and Methods section (23).
b Measured by caseinolytic reference method (24, 25).

¢ Determined according to Material and Methods section description.

B,, B,, B,and B, represent bottom phases from the successive extraction steps.
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shortens the long processing times which may
affect protein stability and reduces operating
costs, rendering this technique potentially
suitable for different purposes.

Finally, the toxic composition of snake venom
varies among different snake species or even
within the same snake secreted in different
regions or seasons. Therefore, the production of
more specific antisera for each region is desirable
since it will contribute to reducing the dose
of antibodies infused intravenously - during
the treatment of patients with snakebites — and
therefore, to avoiding anaphylactic reactions
(45). Research efforts have focused on developing
techniques to obtain a more specific antivenom.
Frequently, they are expensive or too complicated
and cannot be adopted by developing countries,
which present the highest index of snakebite
accidents. At this point, the method proposed in
the present work offers a remarkable advantage,
since it is extremely simple and feasible for being
accomplished in a laboratory whose instrument
standards preclude high costs.
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